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competition  model  suggests  that  the  secondary  task  methodology 
can  be  used  to  study  individual  differences.  If  subjects  can  in- 
deed follow  instructions  concerning  the  priorities  of  the  two  tasks, 
then  performance  on  the  secondary  task  should  be  a measure  of  the 
"spare  capacity"  associated  with  the  primary  task  at  a certain  level 
of  difficulty  and  should  predict  the  subject's  ability  to  performn 
the  primary  task  at  a greater  level  of  difficulty.^ 

In  the  first  experiment,  the  resource  competition  model  was 
shown  to  be  consistent  with  the  pattern  of  interference  that 
resulted  when  a complex  reasoning  task  (the  Raven  Matrices  Test) 
was  combined  with  a continuous  motor  task.  Performance  on  the 
secondary  motor  task  during  easier  Raven  problems  predicted  subjects' 
accuracy  in  solving  harder  Raven  problems.  

In  the  second  experiment,  it  was  shown  that  comprehension 
of  an  auditory  message  and  each  of  two  psychomotor  secondary 
tasks  competed  for  capacity.  However,  subjects  were  not  able 
to  follow  instructions  concerning  the  priorities  of  the  two 
tasks,  since  the  interference  resulted  in  a decrement  on  the  primary 
comprehension  task  rather  than  on  the  secondary  tasks. 

In  the  third  experiment,  the  primary  task  was  continuous 
paired  associate  learning  and  the  secondary  task  involved  speed  of 
responding  to  an  auditory  probe.  Reaction  time  to  the  probe  during 
an  easy  version  of  the  paired  associate  task  predicted  performance 
on  a harder  version  of  the  paired  associate  task.  However,  there 
were  some  disturbing  inconsistencies  between  the  pattern  of  reaction 
times  to  the  auditory  probe  In  this  experiment  and  reaction  time*,  to 
a visual  probe  in  an  earlier  experiment.  These  and  other  results 
suggested  that  the  resource  competition  model  In  some  cases  fails  to 
account  for  non- structural  interference  between  tasks. 
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Some  Remarks  on  Doihg  Two  Things  at  Once  ^ 

Earl  Hunt,  Marcy  Lansmon,  and  Joy  Wright 
University  of  Washington 

We  are  interested  in  how  people  do  more  than  one  thing  at  a 
time.  This  is  quite  a practical  problem.  To  illustrate  its  importance 
one  usually  refers  to  situations  in  which  people  operate  machinery 
while  receiving  verbal  instructions.  The  modern  Navy  certainly  has 
its  pilots  and  air  traffic  controllers.  In  the  days  of  John  Paul  Jones 
the  lookout  scanned  the  horizon  instead  of  a radar  screen,  and  he  had 
to  worry  about  falling  out  of  the  rigging.  Thus  we  can  look  to  history 
to  assure  us  that  our  research  will  remain  relevant  when  the  fleet 
once  again  becomes  independent  of  the  fossil  fuel  supply. 

More  seriously,  our  interest  in  the  process  of  simultaneous  task 
execution  has  developed  from  two  sources;  our  interest  in  the  nature 
of  individual  differences  in  information  processing  (Hunt,  1978,  a,b) 
and  Kahneman's  seminal  discussion  of  the  role  of  attention  of  cogni- 
tion (Kahneman,  1973).  Kahneman  was  able  to  summarize  a wide  variety 
of  experimental  observations  by  using  a simple  model,  which  we  shall 
call  the  resource  competition  model . Its  basic  assumption  is  that 
virtually  all  "cognitive"  tasks  draw  from  the  same  pool  of  (rather  ill- 
defined)  attentional  resources.  In  order  to  study  situations  in  which 
simultaneously  executed  tasks  compete  for  the  same  resources,  an  experimental 
procedure  known  as  the  "secondary  task  paradigm"  has  been  developed  (Kerr,  1973; 
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Posner  and  Boies,  1971).  In  a secondary  task  study  the  participant  is 
given  a primary  and  a secondary  task,  each  of  which  is  presumed  to  draw  upon 
the  same  attentional  resources.  The  experimental  instructions  clearly  specify 
that  performance  level  on  the  primary  task  is  to  be  maintained,  even  at  the 
cost  of  deterioration  of  secondary  task  performance.  Our  interest  centers 
on  changes  in  secondary  task  performance  as  the  nature  of  the  primary  task 
changes. 

Suppose  that  a person  behaves  in  accordance  with  a simple  resource  com- 
petition model.  Performance  on  the  primary  task  should  be  a function  of 
primary  task  characteristics  alone,  since  the  secondary  task  receives  only 
those  resources  that  are  not  needed  to  achieve  adequate  primary  task  performance. 
There  should  be  no  qualitative  change  in  the  nature  of  the  two  tasks  when 
done  together  or  alone,  since  they  compete  for  resources  but  do  not  interact. 

As  the  primary  task  becomes  more  difficult,  overt  primary  task  performance  will 
be  maintained  by  shifting  resources  from  the  secondary  task.  Consequently, 
performance  on  the  secondary  task  should  deteriorate  as  primary  task  difficulty 
increases,  and  this  deterioration  should  appear  before  any  deterioration  of 
performance  on  the  primary  task.  This  observation  might  be  of  considerable 
practical  importance  for  it  suggests  a way  of  predicting  when  a person  is 
"about  to"  make  an  error  on  the  primary  task,  before  the  error  actually  occurs. 
This  is  the  point  at  which  we  saw  a connection  between  studies  of  attention  and 
individual  differences.  Could  we  indeed  use  the  secondary  task  methodology 
to  predict  when  individuals  were  about  the  break  down  on  a primary  task?  If 
Kahneman's  resource  competition  model  is  generally  true  (and  Kahneman  phrased 
it  in  very  broad  terms  indeed),  the  secondary  task  methodology  might  open  a 
broad  field  in  the  measurement  of  both  inter-  and  intra-individual  differences 
in  performance  on  a wide  variety  of  difficult  tasks. 
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Over  the  past  several  years  there  have  been  very  many  secondary  task  and 
split  attention  studies.  In  spite  of  the  generality  of  Kahneman's  original 


statement  of  the  model,  most  of  the  experiments  have  involved  tasks  that 
are  more  akin  to  perceptual  or  motor  reaction  time  studies,  or  simple  short 
term  memory  studies,  than  to  what  one  would  naively  refer  to  as  "reasoning". 

Some  studies  that  were  reported  at  these  meetings  last  year  are  typical 
(Lansman,  1978).  In  one  study  people  had  to  remember  0,  2,  or  7 paired-associate 
items.  While  they  were  rehearsing  these  items,  they  had  to  react  to  a visual 
probe,  which  served  as  the  secondary  task.  In  another  experiment  a memory 
task  was  combined  with  a task  in  which  people  had  to  verify  the  accuracy  of 
sentences  as  descriptions  of  simple  pictures.  Generalizing  rather  broadly,  both 
our  results  and  those  from  other  laboratories  indicate  that  the  resource  com- 
petition model  is  a surprisingly  accurate  account  of  most  of  the  data  from  such 
experiments.  Furthermore,  we  were  able  to  predict  primary  task  performance  at 
the  difficult  level  from  secondary  task  performance  when  the  primary  task 
was  easy.  There  is,  however,  a disconcerting  result  that  keeps  appearing  both 
in  our  studies  and  in  those  of  others.  Performance  on  the  primary  task  is  usually 
affected  by  the  presence  of  a secondary  task.  Thus,  in  spite  of  the  fact  that 
our  extension  of  the  resource  competition  model  to  individual  differences 
studies  appeared  frutiful,  we  had  reason  to  question  one  of  the  basic  assumptions 
of  the  secondary  task  logic. 

In  keeping  with  the  traditions  of  split  attention  research,  we  decided 
to  proceed  in  two  directions  at  once.  In  one  series  of  experiments  we  extended 
the  logic  of  the  secondary  task  paradigm  considerably  beyond  the  realm  of  the 
typical  laboratory  paradigms.  In  these  studies,  which  will  be  discyssed  in 
Experiments  I and  II,  the  primary  tasks  were  difficult  reasoning  and  comprehension 
tasks,  while  the  secondary  tasks  were  psychomotor  coordination  tasks  of  varying 
degrees  of  difficulty.  Thus  we  asked  whether  the  resource  competition  model. 
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and  its  attendant  technology,  can  be  applied  to  a more  complex  realm  of 
cognitive  activity.  We  hope  you  will  agree  that  our  results  are  encouraging. 
In  Experiment  III,  however,  we  revisit  the  more  tightly  controlled  laboratory 
tasks,  and  obtain  some  data  that  casts  more  doubt  upon  the  simple  resource 


competition  model. 


Experiment  I:  Raven  Matrix  Problems 


The  purpose  of  this  experiment  was  to  combine  a complex  reasoning  task 
using  non-verbal  stimuli  with  a simple  psychomotor  secondary  task.  Our 
reasoning  was  that  this  seriously  tests  the  resource  competition  model 
because  the  primary  task  is  a very  complex,  visually  oriented  task  in  which 
reaction  times  are  measured  in  minutes,  and  the  secondary  task  is  a motor  task 
which  involves  neither  the  visual  system  nor  any  significant  memory  load. 
"Structural"  interference  should  be  minimal. 

The  primary  task  used  was  the  Raven  Matrix  Test  (Raven,  1965).  This  is 
a well-known,  carefully  standardized  non-verbal  intelligence  test  consisting 
of  36  problems  of  identical  format  but  widely  varying  difficulty.  By  reference 
to  the  published  data  on  item  analyses  (Forbes,  1964),  we  constructed  two 
parallel  forms  of  the  Raven  Matrix  Set  II  test  (the  set  normally  given  to 
adults).  Figure  1 shows  an  easy  item  (panel  a)  and  a hard  item  (panel  b). 

As  can  be  seen  by  inspecting  these  problems  for  just  a moment,  the  difference 
in  difficulty  is  substantial.  Each  of  our  parallel  forms  of  the  test  contained 
18  items.  The  items  were  presented  in  ascending  order  of  difficulty,  as  is 
standard  for  this  test.  Our  presentation  was  non-standard  in  two  ways.  Items 
were  presented  via  a computer  controlled  display  screen,  and  only  four  instead 
of  eight  response  alternatives  were  displayed. 

The  secondary  task  was  a simple  psychomotor  task  that  we  will  refer  to  as 
the  Gizmo  Task.  The  person  had  to  operate  a "Gizmo",  which  is  a simple 
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balance  consisting  of  a lever  and  a pressure  sensing  device.  The  subject 
had  to  maintain  a light  but  constant  pressure  horizontally  to  the  right  with 
the  index  finger  of  the  left  hand.  If  too  much  or  too  little  pressure  was 
applied,  a tone  sounded,  indicating  that  the  Gizmo  lever  was  out  of  position. 

If  the  pressure  was  too  heavy,  the  tone  sounded  in  the  right  ear;  if  it  was 
too  light,  the  tone  sounded  in  the  left  ear. 

The  experiment  involved  E2  University  of  Washington  undergraduates. 
Participants  first  practiced  on  the  Gizmo,  then  completed  18  Raven  items  with 
the  Gizmo  deactivated,  and  then  completed  18  items  while  holding  the  Gizmo 
in  position. 

This  experiment  allowed  us  to  collect  a large  number  of  statistics;  only 
a few  will  be  reported.  Raven  performance  will  be  indicated  by  percent  of 
items  answered  correctly  for  problems  4-18.  (Problems  1-3  were  regarded  as 
practice  trials  for  the  combined  Gizmo-Raven  condition.)  Gizmo  performance 
can  be  measured  either  in  terms  of  the  number  of  deviations  from  the  correct 
positions,  per  minute,  or  in  terms  of  the  average  time  to  return  to  the  correct 
positons  after  a deviation  has  been  signalled.  Both  measures  provide  the  same 
pattern  of  results.  In  general.  Gizmo  performance  will  be  reported  in  terms 
of  deviation  rate,  standardized  for  a particular  subject.  Thus  a positive 
Gizmo  score  on  a problem  indicates  that  the  subject  was  makinq  more  deviations 
on  that  problem  that  he/she  normally  made.  By  using  standard  scores  for  each 
subject,  we  can  average  across  subjects,  when  appropriate,  without  being  con- 
cerned about  the  (very  large)  individual  differences  in  absolute  Gizmo  performance. 

Figure  2 shows  performance  on  the  Raven  test  as  a function  of  problem 
number  and  presence  or  absence  of  the  Gizmo  task.  As  expected,  proportion  of 
subjects  answering  an  item  correctly  decreased  as  problems  become  harder. 
Furthermore,  proportion  correct  was  smaller  when  subjects  were  simultaneously 
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performing  the  Gizmo  task.  There  was  also  a small  but  significant  interaction. 
Thus  we  see  evidence  of  resource  competition  between  the  primary  task  and  the 
purely  psychomotor  secondary  task.  We  also  see  that  people  are  not  able  to 
compartmentalize  the  tasks  neatly  into  "primary"  and  "secondary"  tasks.  Per- 
formance on  the  primary  task  was  adversely  affected  by  the  presence  of  the 
secondary  task. 

Figure  3 shows  Gizmo  and  Raven  performance  in  the  combined  task  con- 
dition, as  a function  of  problem  order.  As  the  primary  (Raven)  task  became  more 
difficult,  both  Raven  and  Gizmo  performance  deteriorated.  This  again  indicates 
resource  competition. 

The  simple  fact  of  interference  does  little  more  than  confirm  both  our 
intuitions  and  the  results  of  studies  using  simpler  tasks.  What  is  more 
interesting  is  where  the  secondary  task  deterioration  occurs.  Gizmo  per- 
formance dropped  before  the  subject  made  any  errors  on  Raven  items.  There 
are  a number  of  ways  that  this  point  can  be  made.  Perhaps  the  best  conceptual 
illustration,  though  not  the  most  straightforward,  is  to  plot  standardized 
Gizmo  performance  as  a function  of  the  position  of  a problem  before  the 
participant's  first  error.  Thus  if  a person  made  his  or  her  first  error  on 
problem  6,  we  would  plot  Gizmo  performance  on  problems  5,  4,  and  3 in  that 
order.  (There  is  an  analogy  between  this  plot  and  the  plotting  of  "backward 
learning  curves"  in  tests  of  one-trial  learning.)  Figure  4 shows  the  data. 

Gizmo  performance  is  poor  immediately  before  the  first  error,  and  gets 
progressively  better  as  we  extend  our  analysis  back  2,  3,  4,  up  to  7 trials 
before  the  first  error..  Beyond  7 trials  the  data  are  apparently  unreliable,  largel" 
because  fewer  subjects  contributed  to  the  data  points.  This  is  shown  by  the 
large  standard  errors  for  trials  preceding  the  first  error  by  8 or  more. 
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The  same  point  can  also  be  made  by  an  analysis  of  Gizmo  performance 
just  prior  to  the  nth  problem.  This  is  done  in  Figure  5,  which  shows  Gizmo 
performance  on  problems  N-l  to  N-3,  as  a function  of  accuracy  on  problem  N. 

Data  is  only  shown  for  participants  who  had  no  errors  prior  to  problem  N. 

The  curve  parameter  separates  these  people  into  two  groups;  those  who  correctly 
answered  problem  N and  those  who  made  their  first  error  on  this  problem. 

The  data  is  quite  clear.  Especially  on  the  latter  problems  (i.e.  for  subjects 
who  succeeded  in  getting  to  at  least  the  moderately  difficult  problems  without 
error),  deterioration  in  Gizmo  performance  is  evident  prior  to  the  first  error. 

We  conclude  from  the  Raven  study  that  the  resource  competition  model 
applies  to  the  complex  as  well  as  the  simple  tasks.  There  is  evidently  a 
very  general  resource  pool,  that  is  tapped  by  quite  different  tasks.  It  is 
possible  to  use  secondary  task  performance  to  assess  primary  task  difficulty, 
even  before  overt  errors  occur  on  the  primary  task.  This,  by  implication,  argues 
for  the  proposition  that  the  participant  has  indeed  assigned  primary  and  secondary 
task  priorities  in  resource  allocation.  The  distinction  is  not  complete,  though, 
because  primary  task  performance  is  sensitive  to  the  presence  of  the  secondary 
task. 

Experiment  II:  Language  Comprehension 

Our  next  experiment  represents  another  extension  of  the  secondary  task 
methodology  from  simpler  short-term  memory  and  perceptual -motor  tasks  to 
more  complex  cognitive  tasks.  In  this  experiment  the  primary  task  was  compre- 
hension of  an  auditory  message,  and  the  secondary  task  was  one  of  two  perceptual - 
motor  tasks  that  differed  widely  in  complexity.  One  of  the  secondary  tasks 
was  a variation  of  the  Gizmo  Task  and  the  other  was  a more  demanding  task. 
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called  "Rabbits".  We  wanted  to  find  out  if  primary  task  performance  would 
remain  the  same  regardless  of  the  complexity  of  the  secondary  task.  The 
general  resource  competition  model  predicts  that  it  would. 
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As  indicated,  the  primary  task  was  comprehension  of  an  auditory  message. 
The  participant  sat  in  front  of  a computer-controlled  TV  monitor  and 
listened  to  a series  of  2-  to  3-minute  passages  covering  a range  of  topics 
(history,  science,  literature,  and  sports).  Immediately  after  listening 
to  each  passage,  the  participant  answered  five  multiple-choice  questions. 

The  passages  had  previously  been  grouped  into  three  levels  of  difficulty. 
Passages  at  each  level  of  difficulty  were  presented  in  each  of  three  con- 
ditions. In  the  "Alone"  condition,  the  participant  simply  listened  to  the 
passages.  In  the  "Gizmo"  condition,  the  participant  operated  the  Gizmo 
while  listening  to  the  passages.  (In  this  experiment,  feedback  from  the 
Gizmo  Task  was  given  visually,  by  the  position  of  a dot  between  or  outside 
of  two  vertical  bars  on  the  TV  screen.)  In  the  "Rabbits"  condition,  the 
participant  intercepted  and  "shot"  a target  while  listening  to  the  passages. 
The  screen  displayed  a cartoon  rabbit  and  a gunsight.  By  manipulating  a 
joystick  with  the  non-preferred  hand,  the  gunsight  could  be  moved  toward 
the  rabbit.  When  a button  beside  the  joystick  was  pressed  (using  the 
preferred  index  finger),  the  word  "BANG"  appeared  at  the  bottom  of  the 
screen.  If  the  gunsight  was  on  the  rabbit  at  that  time,  the  word  "OUCH" 
appeared,  and  a hit  was  recorded.  (In  retrospect,  we  probably  should  not 
have  used  words  as  feedback  signals,  but  we  did.)  The  gunsight  had  to  be 
moved  quickly,  because  after  about  10  seconds  the  rabbit  "jumped"  to  a new 
location. 

This  design  allowed  us  to  look  at  resource  competition  using  two 
distinctly  different  perceptual -motor  tasks.  Subjectively,  Rabbits  is 
challenging  where  Gizmo  verges  on  boredom.  Unlike  Gizmo  performance. 

Rabbits  performance  was  still  improving  after  six  2h>-minute  trials.  Neither 
task  requires  complex  verbal  comprehension.  Nonetheless,  they  both  produced 


i 

resource  competition,  which  is  reflected  by  a decrement  in  performance 
on  the  primary  task.  This  is  shown  in  Table  1,  which  presents  listening 
comprehension  (measured  by  proportion  correct  on  the  multiple  choice 
items)  as  function  of  passage  difficulty  and  type  of  secondary  task. 

The  main  effects  of  passage  difficulty  and  task  condition  were 
significant,  p<.05.  The  interaction  between  the  two  variables  was  margi- 
nally significant,  .05<p<.10.  Orthogonal  comparisons  indicated  that, 
compared  to  the  listening-only  condition,  comprehension  dropped  in  the 
dual-task  conditions,  p<.05.  There  was  no  significant  difference  in  com- 
prehension between  the  two  dual-task  conditions. 

Table  2 shows  secondary  task  performance  alone  and  while  listening 
to  easy,  medium,  and  hard  passages.  Gizmo  performance  is  measured  by 
the  mean  time  to  return  to  the  correct  position  and  Rabbits  by  mean  number 
of  rabbits  hit  per  minute.  An  analysis  of  secondary  task  performance  showed 
no  effect  of  primary  task  difficulty  on  Rabbits  performance,  and  a barely 
significant  effect  on  the  Gizmo,  p.<  .05.  However,  the  effect  on  the 
Gizmo  performance  was  not  in  the  expected  direction.  Gizmo  performance 
while  listening  to  an  easy  passage  was  slightly  better  than  when  the 
passage  was  more  difficult,  but  it  was  also  better  than  no  passage  at  all. 

In  summary,  interference  between  comprehension  and  the  two  secondary  ta£ks 
resulted  mainly  in  a decrement  in  comprehension.  Effects  of  comprehension 
on  secondary  performance  were  in  one  case  significant,  in  the  other  case 
in  the  wrong  direction.  Thus,  in  a sense,  primary  and  secondary  tasks 
appear  to  have  switched. 


Easy  Passage 


Medium  Passage 


Hard  Passage 


with  Rabbits 


Listening 
with  Gizmo 


.84 


.86 


.71 


.83 


.65 


.60 


.82 


.66 


.71 


.83 


.72 


.67 


Table  1:  Mean  proportion  of  multiple-choice  comprehension 

questions  answered  correctly,  classified  by  passage 

difficulty  and  task  condition  (Experiment  II). 


•M 


ONR  17 


Rabbits 

Gizmo 


A1  one 

with  Easy 

with  Medium 

with  Hard 

7.93 

7.67 

8.13 

7.47 

587 

381 

593 

523 

x 

7.80 

521 


Table  2:  Secondary  task  performance  alone  and  with  passages  of 
varying  difficulty.  Rabbits  performance  is  measured 
by  mean  number  of  hits  per  minute.  Gizmo  performance 
is  measured  by  mean  time  in  milliseconds  to  return  to 
the  correct  position.  (Experiment  II). 


It  is  surprising  that  this  switch  occurred,  since  in  a previous 
experiment  where  the  modalities  of  primary  and  secondary  tasks  were 
reversed,  the  expected  primary-secondary  task  pattern  was  obtained.  The 
earlier  study  used  reading  as  the  primary  task  and  Gizmo  as  the  secondary 
task.  Gizmo  feedback  was  auditory,  as  in  Experiment  I.  The  results 
are  summarized  in  Tables  3 and  4.  In  the  dual  task  condition,  reading 
interfered  with  Gizmo  performance,  p<.05.  The  Gizmo,  on  the  other  hand, 
had  no  effect  on  reading  speed  and  caused  only  a slight,  but  insignificant 
drop  in  reading  comprehension.  Neither  the  main  effect  of  task  condition 
nor  the  interaction  of  task  condition  with  level  of  difficulty  was  signif- 
icant. 


Experiment  III:  Comparison  of  Two  Secondary  Tasks 

A basic  assumption  of  what  we  have  called  the  "resource  competition" 
model  is  that  non-structural  interference  between  tasks  --  i.e. 'inter- 
ference tht  does  not  result  from  competition  for  a specific  sensory  of 
response  mechanism  --  results  from  competition  for  a general  mental  resource, 
variously  called  "effort",  "attention",  or  simply  "mental  capacity".  In 
the  previous  two  experiments  we  tested  the  ability  of  this  model  to 
explain  dual-task  interference  involving  more  complex  cognitive  tasks 
than  have  generally  been  used  in  attentional  research.  Experiment  III 
represents  a different  sort  of  test  of  the  response  competition  model. 

In  this  experiment,  we  asked  whether  different  secondary  task  measures 
yielded  consistent  estimates  of  the  spare  capacity  associated  with  a given 
primary  task. 


Easy  Passage 


Hard  Passage 


Reading  only 

.89 

.78 

.84 

! 

Reading  Combined 
with  Gizmo 

.91 

.68 

i 

.80 

1 

x .90 

.73 

Table  3:  Mean  proportion  of  multiple-choice  comprehension  questions 
answered  correctly,  classified  by  passage  difficulty  and 
task  condition  (earlier  unpublished  experiment). 
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Alone 

with  Easy 

with  Hard 

12.06 

15.00 

15.72 

Table  4:  Gizmo  performance  alone  and  with  easy  and  hard  passages. 

Dependent  measure  is  mean  number  of  deviations  from  the 
correct  position  per  minute  (earlier  unpublished  experi- 
ment). 


One  aim  of  our  research  program  has  been  to  find  out  whether,  at  the 
level  of  the  Individual  subject,  a measure  of  the  spare  capacity  associated 
with  a simple  version  of  a task  could  predict  performance  on  a harder  version 
of  the  same  task.  We  have  hypothesized  that  if  the  simple  version  of  a task 
requires  a person's  full  mental  capacity,  then  that  person  should  perform 
relatively  poorly  on  a harder  version  of  the  same  task.  Implicit  in  this 
reasoning  is  the  assumption  that  we  can  talk  about  spare  capacity  in  this 
very  general  sense,  i.e.  that  all  effortful  mental  processes  require  the 
same  type  of  attentional  resources.  If  this  is  true,  then  the  choice  of  a 
secondary  task  measure  of  spare  capacity  is  somewhat  arbitrary.  As  long  as 
primary  and  secondary  tasks  do  not  involve  structural  interference,  then 
we  should  get  similar  results  no  matter  what  secondary  task  we  use. 

Recently  this  assumption  has  been  challenged.  For  example,  Peter  McLeod 
(1978)  used  a secondary  probe  reaction  time  task  to  measure  the  spare 
capacity  associated  with  a sequential  letter-matching  task.  The  secondary 
task  involved  either  a manual  or  a vocal  response  to  a noise  burst.  McLeod 
found  that  varying  the  modality  of  the  response  changed  the  pattern  of 
probe  reaction  times  associated  with  various  phases  of  the  primary  task. 

Thus  estimates  of  spare  capacity  varied  with  choice  of  a secondary  task. 

In  view  of  these  and  other  results  showing  that  various  secondary  task 
measures  do  not  always  yield  consistent  results,  we  felt  that  it  was  important 
to  show  that  our  earlier  findings  using  the  secondary  task  methodology  could 
be  replicated  using  a different  secondary  task.  We  recently  reported  an 


experiment  in  which  the  primary  task  involved  continuous  paired  associate 
learning  and  the  secondary  task  was  a keypress  response  to  a visual  probe 
(Lansman,  1978).  Here  we  will  discuss  a replication  of  that  experiment  in 
which  the  probe  was  a tone  and  the  response  was  vocal. 

The  general  paradigm  Is  illustrated  in  Table  5.  Stimulus  items  for 
the  paired  associate  task  were  letters  and  response  items  were  single-digit 
numbers.  At  the  beginning  of  a trial  block,  each  of  the  stimulus  items 
appeared  paired  with  a randomly  chosen  digit  (e.g.  A = 4).  After  this  initial 
presentation  of  letter-number  pairs,  the  trials  began.  Each  trial  consisted 
of  a question  involving  one  of  the  stimulus  items  (e.g.  A = ?),  and  a new 
pair  involving  that  same  stimulus  item  (e.g.  A = 5).  The  correct  response  to 
a question  was  the  number  with  which  the  stimulus  item  had  last  been  paired. 

A subject  responded  to  the  question  by  pressing  one  of  eight  numbered  keys. 

In  the  original  experiment,  the  secondary  task  probe  consisted  of  four 
asterisks  that  appeared  during  the  presentation  of  new  letter-number  pairs. 
Subjects  were  instructed  to  press  a key  as  quickly  as  possible  when  they  saw 
the  asterisks.  In  the  replication,  the  probe  was  a tone  presented  through 
headphones.  Subjects  responded  by  saying  the  syllable  "Bop"  into  a micro- 
phone. Note  that  the  probe  occurred  during  an  interval  when  no  response 
was  required  to  the  primary  task.  Therefore,  interference  between  the  two 
tasks  could  not  be  attributed  to  any  kind  of  response  competition.  Rather, 
reaction  time  to  the  probe  was  designed  to  measure  spare  capacity  associated 
with  rehearsal  of  the  letter-number  pairs. 

There  were  five  conditions  in  both  experiments: 

a)  Reaction  time  control.  Here  subjects  were  instructed  to  ignore 
the  letter-number  pairs  and  only  respond  to  the  probes.  This  provided 
a baseline  reaction  time. 


Event 

PI  sal  ay 

Duration 

Sequential  presentation  of 

A = 7 

3 seconds 

Initial  pairs 

B = 3 

3 seconds 

Query.  Subject  responds  by 

hitting  key  3. 

B * ? 

Subject-paced 

Letter  just  queried  Is 
paired  with  a new  number 

B = 4 

3 seconds 

(Tone  probe:  On  3/4 

(If  subject  falls 

of  the  trials  In  the  probe 

to  respond  to  tone 

condition,  a tone  Is 

(Tone) 

within  1.5  seconds. 

presented  over  headphones 
and  the  subject  says  "Bop" 

Into  a microphone  as  fast 
as  possible.) 

B * 4 

| 

it  goes  off.) 

Query.  Subject  hits  key 

7. 

A = ? 

Subject-paced 

Letter  just  queried  Is 
paired  with  a new  number. 

A * 5 

3 seconds 

TABLE  5 


b)  Easy  recall  alone.  Subjects  kept  track  of  two  letter-number  pairs. 

There  were  no  probes. 

c)  Easy  recall  with  probes.  Subjects  kept  track  of  two  pairs  and 

probes  occurred  during  presentation  of  3/4  of  the  new  pairs. 

d)  Hard  recall  alone.  Subjects  kept  track  of  seven  letter-number  pairs. 

There  were  no  probes. 

e)  Hard  recall  with  probes.  Subjects  kept  track  of  seven  pairs  and 

probes  occurred  during  presentation  of  3/4  of  the  new  letter-number  pairs. 

In  both  experiments,  the  probe  stayed  on  until  the  subject  responded. 
Subjects  were  instructed  that  speed  of  responding  to  the  probe  was  of  less 
importance  than  accuracy  of  recall,  and  that  they  should  try  not  to  let  the 
probes  interfere  with  their  recall  of  the  pairs.  A pay-off  system  was 
designed  to  emphasize  the  primary-secondary  relationship  of  the  two  tasks. 

Mean  reaction  time  to  the  probe  in  the  two  experiments  is  shown  in 
Figure  6.  In  both  experiments,  reaction  time  to  the  probe  was  considerably 
slower  during  rehearsal  of  the  letter-number  pairs  than  in  the  control  condi- 
tion. When  the  probes  were  visual  and  the  response  manual,  reaction  time 
to  the  probe  in  the  hard  recall  condition  was  significantly  slower  (p^.05) 
than  in  the  easy  recall  condition.  This  is  what  we  would  expect  if  reaction 
time  to  the  probe  reflects  spare  capacity  associated  with  rehearsal.  However, 
when  the  probes  were  auditory  and  the  response  vocal,  there  was  no  increase 
in  reaction  time  to  the  probe  from  the  easy  to  the  hard  recall  conditions. 
Instead  there  was  a marginally  significant  decrease  (p  < . 10)  in  probe  reaction 
time  from  the  hard  to  the  easy  condition.  This  was  completely  unexpected, 
since  it  seemed  to  us  that  there  should  be  more  interference  between  rehearsal 
and  a vocal  response  than  between  rehearsal  and  a manual  response. 

At  present  we  have  no  explanation  for  the  difference  between  the  results 
of  the  two  experiments.  It  is  interesting  to  note,  however,  that  Britton, 


CONTROL 


PROBE  RT(mMC) 


Westbrook,  and  Holdredge  (1978)  obtained  similarly  unexpected  results  in 
studying  time  to  manually  respond  to  a click  during  silent  reading.  In 
their  experiment,  probe  reaction  time  was  measured  while  subjects  read  easy, 
medium  or  hard  passages.  Counter  to  expectations,  reaction  time  was  longest 
during  easy  passages  and  shortest  during  hard  passages.  Both  these  results 
cast  doubt  on  the  interpretation  of  probe  reaction  time  as  a simple  measure 
of  the  spare  capacity  associated  with  mental  processes.  It  seems  obvious 
that  we  need  a more  specific  model  of  how  subjects  combine  processing  of  the 
probe  with  a complex  task  such  as  rehearsal  before  we  can  explain  why,  in 
some  instances,  reaction  time  goes  down  as  the  subjective  difficulty  of  the 
task  increases. 

Note  that  keeping  track  of  seven  pairs  in  our  experiments  is  much  harder 
than  keeping  track  of  two.  Proportion  of  items  correctly  recalled  in  the 
two  experiments  is  shown  in  Figure  7.  In  both  experiments,  subjects  rhea  lied 
over  ninety  percent  of  the  items  in  the  easy  recall  condition,  and  about 
fifty  percent  in  the  hard  recall  condition.  In  both  experiments,  recall  was 
significantly  worse  in  the  probe  conditions  than  the  no-probe  conditions. 

This  shows  that  even  in  the  case  of  this  very  simple  secondary  task,  subjects 
were  unable  to  prevent  the  secondary  task  from  Interfering  with  performance  of 
the  primary  task. 

We  are  at  present  conducting  an  experiment  in  which  the  same  subjects 
respond  to  both  visual  and  auditory  probes  during  rehearsal  of  2,  3,  4,  5,  or 
7 digit-letter  pairs  in  a completely  counterbalanced  design.  Results  from 
this  experiment  will  allow  us  to  interpret  differences  between  reaction  times 
and  recall  in  probe  conditions. 

The  original  aim  of  these  experiments  was  to  find  out  whether  reaction 
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time  to  the  probe  during  the  easy  recall  condition  predicted  proportion  of 
Items  correctly  recalled  in  the  hard  recall  condition.  The  correlation 
matrix  from  the  first  experiment  with  visual  probes  and  manual  responses  is 
shown  in  Table  6a  . Note  that  the  correlation  between  reaction  time  to  the 
probe  during  easy  recall  and  proportions  of  items  recalled  in  the  hard  recall 
condition  was  -.40.  Thus,  as  hypothesized,  our  measure  of  spare  capacity 
during  the  easy  task  predicted  performance  on  the  hard  version  of  the  primary 
task. 


* 
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The  corresponding  correlation  matrix  for  the  second  experiment  using 
auditory  probes  and  vocal  responses  is  shown  in  Table  6b , Again  probe  reaction 
time  during  easy  recall  predicted  the  proportion  of  items  correctly  recalled 
in  the  hard  condition,  r = -.39.  Here,  unlike  in  the  previous  experiment, 
reaction  time  in  the  control  condition  was  also  correlated  with  hard  recall. 
However,  when  control  reaction  time  was  partial  led  out,  probe  reaction  time 
during  easy  recall  was  still  significantly  correlated  with  proportion  of  items 
correctly  recalled  in  the  hard  condition.  Thus  in  spite  of  the  inconsistencies 
in  the  group  results  of  the  two  experiments,  in  both  cases  the  hypothesis 
concerning  individual  differences  was  upheld.  In  both  experiments,  those  sub- 
jects who  performed  relatively  well  on  the  secondary  task  while  they  were 
rehearsing  two  letter-number  pairs  also  performed  well  on  the  harder  recall 
task. 

Conclusions  and  Future  Plans 

What  conclusions  can  we  draw  from  this  set  of  experiments  as  a whole? 
Table  7 surwnarizes  the  pattern  of  interference  between  the  primary  and 
secondary  tasks  in  each  of  the  experiments  we  have  discussed.  In  each  case, 
no  matter  how  diverse  the  primary  and  secondary  tasks  were,  one  or  the  other 


Correlations  Between  Probe  RT  and  Recall  Scores 
Auditory  Probe  - Vocal  Response 

PROPORTION  CORRECT 


Easy 

Recall 

Hard 

Recall 

Control 

Condition 

-.13 

-.37** 

PROBE  RT 

Easy  Recall 
Condition 

-.12 

-.39** 

Hard  Recall 
Condition 

-.08 

-.16 

TABLE  6b 
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or  both  showed  a decrement  in  performance  in  the  dual  task  condition  as 
compared  to  the  single  task  control.  Thus  at  this  gross  level  of  analysis, 
all  the  experiments  supported  the  resource  competition  model  of  attention. 

However,  upon  closer  analysis,  these  experiments  revealed  two  problems 
with  such  a model.  One  problem,  evident  in  the  comparison  of  the  two  ex- 
periments involving  continuous  paired  associates  is  that  different  measures 
of  spare  capacity  can  yield  different  patterns  of  results.  A second  problem 
is  that  subjects  were  not  able  to  allocate  processing  capacity  according  to 
the  instructions.  As  shown  in  Table  7,  in  the  Raven-Gizmo  Experiment  and 
in  both  Continuous  Paired  Associate  Experiments,  the  primary  and  the  secondary 
tasks  both  showed  a decrement  in  the  dual  task  as  compared  to  the  single 
task  conditions.  In  the  Auditory  Comprehension  Experiment,  only  the  primary 
task  showed  a decrement,  while  in  the  Reading  Comprehension  Experiment, 
only  the  secondary  task  showed  a significant  decrement.  We  must  conclude 
from  this  variety  of  results  that  subjects  are  often  unable  to  conform  to 
instructions  that  specify  the  primary-secondary  task  relationship.  Many 
experimenters  besides  ourselves  have  noticed  that  subjects  find  it  imoossible 
to  prevent  the  secondary  task  from  interfering  with  the  primary  task. 

However,  such  problems  have  generally  been  ignored  by  proponents  of  a general 
resource  competition  model  of  attention  (Kahneman,  1973;  Norman  and  Bobrow, 
1975).  These  theorists  suggest  that  subjects  can  allocate  their  attention 
according  to  the  perceived  priorities  of  competing  tasks.  We  propose  that 
an  accurate  model  of  dual  task  performance  will  have  to  explain  the  fact  that 
task  characteristics  as  well  as  subject  strategies  influence  attention 
allocation. 

In  view  of  these  two  problems,  it  seems  necessary  that  we  revise  some- 
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what  our  general  approach  to  the  study  of  how  subjects  divide  their 
attention  between  two  competing  tasks.  We  cannot  uncritically  accept  the 
tenets  of  the  secondary  task  methodology  and  assume  that  such  measures  as 
probe  reaction  time  reflect  the  general  mental  capacity  "left  over"  while 
the  subject  performs  the  task  of  interest.  Outlined  below  are  two  alterna- 
tive approaches  to  the  study  of  dual  task  performance.  The  first  is  a 
relatively  non-theoretical  applied  approach.  The  second  involves  a micro- 
scopic analysis  of  a dual-task  paradigm  that  is  of  particular  theoretical 
interest. 

The  applied  approach  is  simply  to  focus  on  dual  task  combinations  that 
are  of  particular  practical  concern.  One  such  combination  involves  comprehen- 
sion of  an  auditorily  presented  message  while  simultaneously  performing 
a complex  motor  task.  The  ability  to  carry  out  these  two  functions  simultaneous! 
is  important  in  a wide  variety  of  situations  ranging  from  following  instructions 
given  by  a back  seat  driver  to  landing  an  aircraft  under  air  traffic  con- 
trol. We  have  shown  in  Experiment  II  that  in  at  least  one  instance,  com- 
prehension suffers  when  combined  with  a motor  task  even  when  subjects  are 
instructed  to  treat  comprehension  as  primary.  What  variables  affect  a 
person's  ability  to  combine  comprehension  with  a motor  task?  Characteristics 
of  both  the  task  and  the  individual  are  relevant.  Task  characteristics  that 
could  be  examined  include: 

a)  Amount  of  practice  the  subject  has  had  on  the  motor  task.  In 
the  experiments  reported  here,  both  the  Gizmo  task  and  the 
Rabbits  task  were  relatively  unpracticed.  We  might  very  well 
have  obtained  different  results  if  we  had  allowed  subjects  ex- 
tensive practice  on  these  two  motor  tasks. 

b)  Linguistic  structure  of  the  message.  Almost  certainly  various 
linguistic  characteristics  of  verbal  messages  influence  the 
liklihood  that  they  can  be  comprehended  while  the  subject  is 
engaged  in  a second  task. 
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c)  Relevance  of  the  verbal  message  to  the  motor  task.  In  the 
comprehension  experiments  reported  here,  the  message  presented 

was  irrelevant  to  performance  of  the  motor  task.  A more  interesting 
and  realistic  case  involves  presentation  of  messages  that  are 
necessary  for  successful  performance  of  the  motor  task. 

d)  Priority  of  the  message.  The  probability  that  a certain  message 
will  be  comprehended  could  be  influenced  by  a signal  preceding 
the  message  indicating  its  relative  importance. 

Turning  to  individual  differences,  we  need  to  find  out  whether  skill 
at  verbal  comprehension  and  sill  at  a motor  task  are  sufficient  to  predict 
ability  to  combine  the  two  tasks,  or  whether  we  need  to  incorporate  some 
measure  of  time-sharing  ability  into  the  prediction  equation.  Relatively 
little  research  has  been  done  on  the  general  question  of  whether  dual -task 
performance  can  be  predicted  by  performance  on  the  component  single  tasks. 

We  reported  one  experiment  in  which  subjects  carried  out  a dual  task  involving 
maintaining  a memory  load  while  performing  a sentence  verification  task 
(Lansman,  1978).  In  this  case,  performance  in  the  dual-task  situation  was 
highly  correlated  with  single-task  performance,  suggesting  that  no  time- 
sharing factor  was  involved.  A similar  study  might  be  done  in  which  subject's 
ability  to  combine  a verbal  comprehension  task  with  a motor  task  is  measured. 

In  following  this  relatively  atheoretical  approach,  we  could  ignore  such 
issues  as  a)  Are  the  two  tasks  done  in  parallel,  or  does  the  subject 
switch  back  anf  forth  between  then?  b)  What  stage(s)  of  verbal  comprehension 
or  motor  performance  are  attention  demanding  and  what  stages  are  automatic? 
We  would  not  be  concerned  with  precisely  how  subjects  manage  to  combine 
the  two  tasks,  only  how  successful  they  are.  Eventually,  however,  we  would 
like  to  arrive  at  a more  theoretical  understanding  of  how  people  do  two 
things  at  once.  To  achieve  this,  we  need  to  study  performance  in  more  con- 
trolled situations.  We  would  like  to  start  by  examining  the  secondary  probe 
task  more  carefully. 
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Although  the  probe  technique  is  becoming  more  and  more  widely  used  as 
a measure  of  spare  capacity,  it  really  not  very  well  understood.  When  the 
technique  was  first  used,  the  predominant  model  of  attention  involved  a 
single  "limited  capacity  processor"  (Posner  & Boies,  1971).  A probe, 
like  any  other  stimulus,  required  processing  by  the  limited  capacity 
processor  before  a response  could  be  made.  According  to  this  reasoning,  the 
greater  the  demands  placed  on  the  limited  capacity  processor  by  the  primary 
task,  the  longer  the  probe  would  need  to  wait  for  the  processor  and  the 
longer  the  probe  reaction  time  would  be. 

For  more  and  more  attentional  theorists,  the  limited  capacity  processor 
is  being  supplanted  by  the  idea  of  limited  mental  resources  that  can  be 
allocated  among  various  mental  processes.  Corresponding  to  this  new 
attentional  model  is  a new  explanation  for  why  the  response  to  a secondary 
probe  stimulus  is  delayed  when  the  subject  is  engaged  in  an  attention-demanding 
primary  task:  Less  resources  are  available  for  processing  the  probe. 

Neither  of  these  very  general  models  of  attention  accounts  for  the 
inconsistencies  between  experiments  using  different  types  of  probes.  Both 
models  predict  that  the  pattern  of  reaction  times  to  different  probe  tasks 
should  be  the  same  regardless  of  modality.  A further  difficulty  with  either 
model's  explanation  of  probe  delays  is  that  the  probe  almost  always  causes 
a decrement  in  primary  task  performance.  According  to  both  models,  the 
probe  should  receive  whatever  processing  capacity  is,  in  a sense,  "left  over" 
after  the  demands  of  the  primary  task  are  met.  Yet  it  is  obvious  from 
universally  observed  primary  task  decrements  that  this  is  not  the  case. 

A model  is  needed  that  will  give  a much  more  detailed  account  of  how 
subjects  combine  primary  task  processing  with  response  to  the  probe.  Such 
a model  would  distinguish  between  factors  that  are  under  that  subject's 
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strategic  control  and  factors  that  are  inherent  characteristics  of  the 
human  information  processing  system.  We  seem  to  assume,  for  example, 
that  instructing  the  subject  to  consider  the  probe  task  secondary  will  influence 
his  behavior.  This  suggests  that  the  subject  can  make  a conscious  decision 
concerning  the  amount  of  resources  to  allocate  to  the  probe  when  it  occurs. 

Yet  there  is  little  evidence  that  the  subject  actually  can  set  the  priorities 
of  the  primary  and  secondary  task.  If  the  delay  in  responding  to  the  probe 
is  associated  with  delays  in  detection,  then  perhaps  instruction  concerning 
priorities  are  irrelevant. 

A research  effort  to  answer  these  questions  has  less  immediate 
application  to  real-life  situations  than  a program  of  the  first  type 
described  here.  But  it  would  seem  to  be  a necessary  first  step  in  solving 
some  of  the  paradoxes  that  have  resulted  from  an  uncritical  acceptance  of 
the  assumption  of  the  secondary  task  methodology.  We  feel  that  eventually 
such  an  effort  would  result  in  better  methods  for  the  study  of  individual 
differences  in  the  ability  to  do  two  things  at  once. 
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a talk  given  at  the  annual  Contractor’s  Meeting  on  Information  Processing 
Abilities  sponsored  by  the  Office  of  Naval  Research  in  New  Orleans, 

February,  1979. 


..ashington/Hunt  May  4,  1979 


Page  1 


Navy 

1 Dr.  Ed  A ikon 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1 Dr.  Robert  Breaux 

Code  N-71 
NAVTRAEQU1PCEN 
Orlando,  FL  32813 

1 MR.  MAURICE  CALLAHAN 
Pers  23a 

Bureau  of  Naval  Personnel 
Washington,  DC  20370 

1 Dr.  Richard  Elster 

Department  of  Administrative  Sciences 
Naval  Postgraduate  School 
Monterey,  CA  93940 

1 DR.  PAT  FEDERICO 

NAVY  PERSONNEL  RAD  CENTER 
SAN  DIEGO,  CA  92152 

1 CDR  John  Ferguson,  MSC,  USN 

Naval  Medical  R&D  Command  (Code  44) 
National  Naval  Medical  Center 
Bethesda,  MD  20014 

i Dr.  Paul  Foley 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

■ Dr.  John  Ford 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

Dr.  Richard  Gibson 

Bureau  of  Medecine  and  Surgery 

Code  513 

Navy  Department 

Washington,  DC  20372 

CAPT.  D.M.  GRAGG,  MC,  US N 
HEAD,  SECTION  ON  MEDICAL  EDUCATION 
UNIFORMED  SERVICES  UNIV.  OF  THE 
HEALTH  SCIENCES 
6917  ARLINGTON  ROAD 
BETHESDA,  MD  20014 


Navy 


1 MR.  GEORGE  N.  GHA1NE 

NAVAL  SEA  SYSTEMS  COMMAND 
SEA  047C112 
WASHINGTON,  DC  20362 

1 LT  Steven  D.  Harris,  MSC,  USN 
Code  6041 

Human  Factors  Engineering  Division 
Crew  Systems  Department 
Naval  Air  Development  Center 
Warminster,  Pennsylvania  18974 

1 CDR  Wade  Helm 

PAC  Missile  Test  Center 
Point  Mugu,  CA  93041 

1 LCDR  Charles  W.  Hutchins 
Naval  Air  Systems  Command 
444  Jefferson  Plaza  # 1 
1411  Jefferson  Davis  Highway 
Arlington,  VA  20360 

1 CDR  Robert  S.  Kennedy 

Naval  Aerospace  Medical  and 
Research  Lab 
Box  29407 

New  Orleans,  LA  70189 

1 Dr.  Norman  J.  Kerr 

Chief  of  Naval  Technical  Training 
Naval  Air  Station  Memphis  (75) 
Millington,  TN  38054 

1 Dr.  Leonard  Kroeker 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1 CHAIRMAN,  LEADERSHIP  & LAW  DEPT. 
DIV.  OF  PROFESSIONAL  DEVEL0PMMENT 
U.S.  NAVAL  ACADEMY! 

ANNAPOLIS,  MD  21402 

1 Dr.  William  L.  Maloy 

Principal  Civilian  Advisor  for 
Education  and  Training 
Naval  Training  Command , Code  00A 
Pensacola,  FL  32508 


1 CAPT  Richard  L.  Martin 

USS  Francis  Marion  (LPA-Z49) 
FPO  New  York,  NY  09501 

2 Dr.  James  McGrath 

Navy  Personnel  R&D  Center 
Code  306 

San  Diego,  CA  92152 

1 DR.  WILLIAM  MONTAGUE 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 

1 Commanding  Officer 

U.S.  Naval  Amphibious  School 
Coronado,  CA  92155 


1 JOHN  OLSEN 

CHIEF  OF  NAVAL  EDUCATION  A 
TRAINING  SUPPORT 
PENSACOLA,  FL  32509 

1-  Psychologist 

ONR  Branch  Office 
495  Summer  Street 
Boston,  MA  02210 

1 Psychologist 

ONR  Branch  Office 
536  S.  Clark  Street 
Chicago,  IL  60605 

1 Office  of  Naval  Research 
Code  200 

Arlington,  VA  22217 


1 Commanding  Officer 
Naval  Health  Research 
Center 

Attn:  Library 
San  Diego,  CA  92152 

1 Naval  Medical  R&D  Command 
Code  44 

National  Naval  Medical  Center 
Bethesda,  MD  20014 

' CAPT  Paul  Nelson,  USN 

Chief,  Medical  Service  Corps 
Code  7 

Bureau  of  Medicine  & Surgery 
U.  S.  Department  of  the  Navy 
Washington,  DC  20372 

I I 

* Library 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 


1 Office  of  Naval  Research 
Code  437 

800  N.  Quincy  SStreet 
Arlington,  VA  22217 


1 Office  of  Naval  Research 
Code  441 

800  N.  Quincy  Street 
Arlington,  VA  22217 

5 Personnel  & Training  Research  Programs 
(Code  458) 

Office  of  Naval  Research 
Arlington,  VA  22217 

1 Psychologist 

OFFICE  OF  NAVAL  RESEARCH  BRANCH 
223  OLD  MARYLEBONE  ROAD 
LONDON,  NW,  15TH  ENGLAND 

1 Psychologist 


Technical  Director 
Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

6 Commanding  Officer 

Naval  Research  Laboratory 
Code  2627 

Washington,  DC  20 390 


ONR  Branch  Office 
1030  East  Green  Street 
Pasadena,  CA  91101 

1 Scientific  Director 

Office  of  Naval  Research 
Scientific  Liaison  Group/Tokyo 
American  Embassy 
APO  San  Francisco,  CA  96503 


K 


1 Office  of  t.he  Chief  of  Naval  Operations  1 A.  A.  SJOHOLM 

Research,  Development , and  Studies  Branc  TECH.  SUPPORT,  CODE  201 

(OP-102)  NAVY  PERSONNEL  R&  D CENTER 

Washington , DC  20350  SAN  DIEGO,  CA  92152 


Assistant  Chief  of  Naval  Per:  >nnel 
for  Human  Resource  Managment 
( Pers-6) 

U.  S.  Department  of  the  Navy 
Washington,  DC  20370 

Scientific  Advisor  to  the  Chief  of 
Naval  Personnel  (Pers-Or) 

Naval  Bureau  of  Personnel 
Roc^  4410,  Arlington  Annex 
Washington,  DC  20370 

LT  trank  C.  Petho,  MSC,  USNR  (Ph.D) 

Code  LSI 

Naval  Aerospace  Medical  Research  Laborat 
Pensacola,  FL  32508 

Dh.  RICHARD  A.  POLLAK 
ACADEMIC  COMPUTING  CENTER 
U.3.  NAVAL  ACADEMY 
ANNAPOLIS,  MD  21402 

Roger  W.  Remington,  Ph.D 

Code  L52 

NAMRL 

Pensacola,  FL  32508 

Dr . Bernard  Himland 
Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 


1 Mr.  Robert  Smith 

Office  of  Chief  of  Naval  Operations 
OP-987E 

Washington , DC  20350 

1 Dr.  Alfred  F.  Sraode 

Training  Analysis  & Evaluation  Group 
(TAEG) 

Dept,  of  the  Navy 
Orlando,  FL  32813 

1 Dr.  Richard  Sorensen 

Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 

1 CDR  Charles  J.  Theisen,  JR.  MSC,  USN 
Head  Human  Factors  Engineering  Div. 
Naval  Air  Development  Center 
Warminster,  PA  18974 

1 W.  Gary  Thomson 

Naval  Ocean  Systems  Center 
Code  7132 

San  Diego,  CA  92152 

1 DR.  MARTIN  F.  WISKOFF 

NAVY  PERSONNEL  R&  D CENTER 
SAN  DIEGO,  CA  92152 


Mr.  Arnold  Rubenstein 

Laval  Personnel  Support  Technology 

N,  ''al  Material  Command  (03T244) 

Koon  !044,  Crystal  Plaza  05 
22V  l Jefferson  Davis  Highway 
Arlington,  VA  20360 

Dr.  Worth  Seanland 

Chief  of  Naval  Education  and  Training 
Code  N-5 

NAS,  Pensacola,  FL  32508 


71  * 


ishingi.cn/Hunt 


4,  1979 


Page  4 


?T 


HO  USAHEUE  4 7 th  Army 
OPCSOPS 

USAAhEUE  Pi  rector  of  GED 
APO  New  York  09403 

OH.  RALPH  CANTER 
U.S.  ARMY  RESEARCH  INSTITUTE 
50 01  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

DR.  RALPH  DUSEK 
U.S,  ARMY  RESEARCH  INSTITUTE 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22 333 

Dr . Ed  Johnson 

Army  Research  Institute 

5001  Eisenhower  Blvd. 

Alexandria,  VA  22333 

Dr.  Michael  Kaplan 
U.S.  ARMY  RESEARCH  INSTITUTE 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

i'i  . Milton  S.  Katz 
Individual  Training  & Skill 
Evaluation  Technical  Area 
U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Dr.  Beatrice  J.  Farr 
Army  Research  Institute  (PERI-OK) 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Pr.  Harold  F.  O'Neil,  Jr. 

ATTN:  PERI-OK 

5001  EISENHOWER  AVENUE 

ALEXANDRIA , VA  22333 

Director,  Training  Development 
L . o.  Army  Administration  Center  . 
A JTK:  Dr.  Sherrill 
Ft  . Benjamin  Harrison,  IN  46218 


Dr.  Joseph  Ward 
U.S.  Army  Research  Institute 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


i 


Washington/Hunt  May  4,  1979 


Page  5 


i 


Air  Force 


1 DR.  G.  A.  ECKSTRAND  1 

AFHRL/AS 

KRIGHT-PATTERSON  AF3,  OH  45433 
1 CDR.  MERCER 

CNET  LIAISON  OFFICER  1 

AFHRL/f LYING  TRAINING  DIV. 

WILLIAMS  AFB,  AZ  85224 

1 Research  Branch 
AFMPC/DPMYP 

Randolph  AFB,  TX  78148 

1 Dr.  Marty  Rockway  ( AFHRL/TT ) 

Lowry  AFB 
Colorado  80230 

1 Jack  A.  Thorpe,  Capt,  USAF 
Program  Manager 
Life  Sciences  Directorate 
AFOSR 

Bolling  AFB,  DC  20332 


Marines 


Director,  Office  of  Manpower  Utilization 
HQ,  Marine  Corps  (MPU) 

BCB,  Bldg.  2009 
Quantico,  VA  22134 

DR.  A.L.  SLAFKOSKY 
SCIENTIFIC  ADVISOR  (CODE  RD-1) 

HQ,  U.S.  MARINE  CORPS 
WASHINGTON,  DC  20380 


I 


1 Brian  K.  Waters,  LCOL,  USAF 
Air  University 
Maxwell  AFB 
Montgomery,  AL  36112 


• - - - — 


A*"* 


1 

r'w 

hlngton/Hant  M-iy  4# 

1979 

Page  6 

' 

' ■ 

CoastGuard 

Other  DoD 

. 

k i 

Mr.  Richard  Lanterman 
PSYCHOLOGICAL  RESEARCH 
U.S.  COAST  GUARD  HQ 
WASHINGTON i DC  20590 

(G-P-l/62) 

1 

Dr.  Stephen  Andriole 

ADVANCED  RESEARCH  PROJECTS  AGENCY 

1400  WILSON  BLVD. 

ARLINGTON,  VA  22209 

s 

12 

Defense  Docunentation  Center 

Cameron  Station,  Bldg.  5 

Alexandria,  VA  22 314 

Attn:  TC 

1 

Dr.  Dexter  Fletcher 

ADVANCED  RESEARCH  PROJECTS  AGENCY 

1400  WILSON  BLVD. 

ARLINGTON , VA  22209 

1 

Military  Assistant  for  Training  and 

i | 

Personnel  Technology 

Office  of  the  Under  Secretary  of  Defense 

for  Research  & Engineering 

The  Pentagon 
DC  20301 


Room  3D 129 
Washington 


ashing  ton/Hunt  May  **  • 1979 


Non  Govt 


i Dr.  John  B.  Carroll 
Psychometric  Lab 
Univ.  of  No.  Carolin? 

Davie  Hall  017A 
Chapel  hill,  NC  27514 

1 Charles  Myers  Library 
Livingstone  House 
Livingstone  Hoad 
Stratford 
London  E15  2LJ 
ENGLAND 

1 Dr.  William  Chase 

Department  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1 Dr.  Micheline  Chi 

Learning  R 4 D Center 
University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15213 

1 Dr.  Jonn  Chiorini 
Litton-Mellonics 
box  1286 

Springfield,  VA  22151 

1 Dr.  Meredith  Crawford 

Department  of  Engineering  Administration 
George  Washington  University 
Suite  805 

2101  L Street  N.  W. 

Washington,  DC  23037 

• Mr . Ken  Cross 

Anacapa  Sciences,  Inc. 

P.0.  Drawer  Q 

Santa  Barbara,  CA  93102 

1-r  . Hubert  Dreyfus 
r-nartment  of  Pnilosopny 
university  of  California 
LtrScely,  CA  94720 


Page  8 


Non  Govt 


1 MAJOR  I.  N.  EVONIC 

CANADIAN  FORCES  PERS.  APPLIED  RESEARCH 
1107  AVENUE  ROAD 
TORONTO,  ONTARIO,  CANADA 

1 Dr.  Ed  Feigenbaum 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  9*1305 

1 Dr.  Victor  Fields 
Dept,  of  Psychology 
Montgomery  College 
Rockville,  MD  20850 

1 Dr.  Edwin  A.  Fleishman 

Advanced  Research  Resources  Organ. 
Suite  900 

4330  East  West  Highway 
Washington,  DC  20014 

1 Dr.  John  R.  Frederiksen 
Bolt  Beranek  4 Newman 
50  Moulton  Street 
Cambridge,  MA  02138 

1 Dr.  Vernon  S.  Gerlach 
College  of  Education 
146  Payne  Bldg.  B 
Arizona  State  University 
Tempe , AZ  85281 

1 DR.  ROBERT  GLASER 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 

1 DR.  JAMES  G.  GREENO 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 

1 Dr.  Barbara  Hayes-Roth 
The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  CA  90406 


*ashington/Hunt  May  *»,  1979 


Non  Govt 


1 Dr.  Frederick  Hayes-Roth 
The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  CA  90*106 

1 Dr.  Janes  R.  Hoffman 

Department  of  Psychology 
University  of  Delaware 
Newark,  DE  19711 

1 Dr.  Lloyd  Humphreys 

Department  of  Psychology 
University  of  Illinois 
Champaign,  IL  61820 

1 Library 

HumKRO/Western  Division 
27857  Eerwick  Drive 
Carmel,  CA  93921 

1 Dr.  Steven  W.  Keele 
Dept,  of  Psychology 
University  of  Oregon 
Eugene,  OR  97*103 

1 Dr.  Halter  Kintsch 

Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  80302 

1 Dr.  David  Kieras 

Department  of  Psychology 
University  of  Arizona 
Tuscon,  AZ  85721 

1 Mr.  Marlin  Kroger 
1117  Via  Goleta 

Palos  Verdes  Estates,  CA  9027** 

’ LCOL.  C.R.J.  LAFLEUR 
PERSONNEL  APPLIED  RESEARCH 
NATIONAL  DEFENSE  HQS 
101  COLONEL  BY  DRIVE 
OTTAWA,  CANADA  K1A  0K2 

1 Dr.  Alan  Lesgold 
Learning  RAD  Center 
University  of  Pittsburgh 
Pittsburgh,  PA  15260 


Page  9 


Non  Govt 


1 Dr.  Robert  R.  Mackie 

Human  Factors  Research,  Inc. 

6780  Cortona  Drive 
Santa  Barbara  Research  Pk. 

Goleta,  CA  93017 

1 Dr.  Richard  B.  Millward 
Dept,  of  Psychology 
Hunter  Lab. 

Brown  University 
Providence,  R1  82912 

1 Richard  T.  Mowday 

College  of  Business  Administration 
University  of  Oregon 
Eugene,  OR  97**03 

1 Dr.  Allen  Munro 

Univ.  of  So.  California 
Behavioral  Technology  Labs 
3717  South  Hope  Street 
Los  Angeles,  CA  90007 

1 Dr.  Donald  A Norman 

Dept,  of  Psychology  C-009 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 

1 Dr.  Melvin  R.  Novick 
Iowa  Testing  Programs 
University  of  Iowa 
Iowa  City,  IA  522**2 

1 Dr.  Jesse  Orlansky 

Institute  for  Defense  Analysis 
**00  Army  Navy  Drive 
Arlington,  VA  22202 

1 Dr.  Robert  Pachella 

Department  of  Psychology 
Human  Performance  Center 
330  Packard  Road 
Ann  Arbor,  MI  **810** 

1 Mr.  A.  J.  Pesch,  President 
Eclecteeh  Associates,  Inc. 

P.  0.  Box  178 
N.  Stonington,  CT  06359 


f ; 

hing ton/Hunt  May  4,  1979  Pa6e  10 

Non  Govt  Non  Govt 


MR.  LUIGI  PETRULLO 
2431  N.  EDGEWOOD  STREET 
ARLINGTON,  VA  22207 

DR.  PETER  POLSON 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  COLORADO 
BOULDER,  CO  80302 

DR.  DIANE  M.  RAMSEY -KLEE 
R-K  RESEARCH  & SYSTEM  DESIGN 
3947  RIDGEMONT  DRIVE 
MALIBU,  CA  90265 

Dr.  Peter  B.  Read 
Social  Science  Research  Council 
605  Third  Avenue 
NSv  York,  NY  10016 

Dr.  Fred  Re if 
SESAME 

c/o  Physics  Department 
University  of  California 
Berkely,  CA  94720 

Dr.  Andrew  M.  Rose 
American  Institutes  for  Research 
1055  Thomas  Jefferson  St.  NW 
Washington,  DC  20007 

Dr.  Ernst  Z.  Rothkopf 
Bell  Laboratories 
600  Mountain  Avenue 
I Murray  Hill,  NJ  07974 

( 

Dr.  David  Rumelhart 

Center  for  Human  Information  Processing 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 

Dr.  Irwin  Sarason 
Department  of  Psychology 
University  of  Washington 
Seattle,  WA  93195 

DR.  WALTER  SCHNEIDER 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  ILLINOIS 
CHAMPAIGN,  IL  61820 


1 DR.  ROBERT  J.  SEIDEL 

INSTRUCTIONAL  TECHNOLOGY  GROUP 
HUMRRO 

300  N.  WASHINGTON  ST. 

ALEXANDRIA,  VA  22 314 

1 Dr.  Richard  Snow 
School  of  Education 
Stanford  University 
Stanford,  CA  94305 

1 Dr.  Robert  Sternberg 
Dept,  of  Psychology 
Yale  University 
Box  11A,  Yale  Station 
New  Haven,  CT  06520 

1 DR.  PATRICK  SUPPES 

INSTITUTE  FOR  MATHEMATICAL  STUDIES  IN 
THE  SOCIAL  SCIENCES 
STANFORD  UNIVERSITY 
STANFORD,  CA  94305 

1 DR.  PERRY  THORNDYKE 
THE  RAND  CORPORATION 
1700  MAIN  STREET 
SANTA  MONICA,  CA  90406 

1 Dr.  Douglas  Towne 

Univ.  of  So.  California 
Behavioral  Technology  Labs 
3717  South  Hope  Street 
Los  Angeles,  CA  90007 

1 Dr.  J.  Uhlaner 

Perceptronics,  Inc. 

6271  Variel  Avenue 
Woodland  Hills,  CA  91364 

1 Dr.  Benton  J.  Underwood 
Dept,  of  Psychology 
Northwestern  University 
Evanston,  IL  60201 

1 Dr.  David  J.  Weiss 
N660  Elliott  Hall 
University  of  Minnesota 
75  E.  River  Road 
Minneapolis,  MN  55455 

1 Dr.  Karl  Zinn 

Center  for  Research  on  Learning  and 
Teaching 

University  of  Michigan 
Ann  ARbor,  Michigan 


